Background There is evidence to suggest a masculinizing effect on female intrauterine development in unlike-sexed twins. The purpose of the present report was to examine the possible effects of male presence on fetal growth in females by comparing mean birthweights in members from dizygotic unlike-sexed (DZU) pairs with those from dizygotic like-sexed (DZL) pairs.
There is evidence to suggest that male sex hormones influence the development of the female fetus in twins. For example, in animal studies, particularly on cattle, it was found that testosterone can have a masculinizing effect on the female member of unlike-sexed twins (the free-martin calf) as a result of placental vascular anastomoses. 1 In humans, however, there is no evidence of a masculinizing effect similar to that found in cattle, i.e. producing sterility in the female with hypogonadism, presumably because human dizygotic twins do not share a fetal circulation, as opposed to cattle. Although the existence of prenatal masculinizing effects has not been studied in as much detail in humans as in certain litter-bearing mammals, results from a recent study suggest a masculinizing effect on the auditory system in females who have a male co-twin. 2 There is also evidence to suggest that craniofacial development is affected by the presence of an opposite-sex twin in utero. Specifically, craniofacial asymmetry measured in members of opposite-sex dizygotic twin pairs differs from that in same-sex pairs, and this effect is more pronounced in females from opposite-sex pairs, i.e. they 'develop an intermediate gender phenotype with respect to integration of craniofacial growth'.
3 A female with a male co-twin develops differently, and at least some traces remain into adulthood. The observed differences in craniofacial asymmetries may reflect a masculinizing effect on females from unlike-sexed twin pairs. A number of other recent findings, consistent with a hypothesis of possible hormonal influences in opposite-sex twin pairs, report increased sensation seeking, 4 lowered visual acuity 5 and more masculine attitudes 6 among females from oppositesex compared to females from same-sex twin pairs.
On this basis, we hypothesized that female dizygotic twins will have an increased rate of fetal growth if they share the intrauterine environment with a male. The hypothesis was tested in a large sample of Norwegian twins.
Materials and Methods

Sample
This study used data from the New Norwegian Twin Panel, which was established by identifying all twin births from 1967 to 1974 through the population-based Medical Birth Registry. 7 The Twin Panel is comprised of pairs where both members were still living in Norway in 1992, and at least one from the pair responded to a questionnaire in 1992, which included items for zygosity classification and health. 8 Questionnaires were sent to the 3996 pairs of twins (7992 individuals), and, in total, 5864 completed questionnaires were returned (response rate = 73%). The responders consisted of 2570 pairs as well as 724 individuals whose co-twin did not respond. Zygosity was assigned using questionnaire methodology, and is described in detail elsewhere. 8 Briefly, the discriminant scores used to assign zygosity were based on coefficients from a discriminant analysis in a preceding study of Norwegian twins 9 which verified zygosity classifications from questionnaires against those based on genetic markers in the blood systems. In that study, the discriminant scores from the questionnaire information correctly classified 97.6% of the complete pairs (both responded) and 96.1% of the single responders. For the 1774 complete pairs of like-sexed twins in the present study the discriminant scores ranged from -4.13 to +3.96; those pairs with values s»0 were classified as monozygotic (MZ), and those with scores <0 were classified as dizygotic (DZ) twins. The highest probability for misclassified zygosity probably occurred for 101 pairs whose scores fell in the indefinite area (bounded by ±1.5) around the zero cutoff point. As monozygotic twins are known to have lower mean birthweight than dizygotic twins, 10 " 14 the birthweights of misclassified monozygotic twins could affect the mean birthweight of the like-sexed dizygotic group, which, in turn, might bias the results. In order to check for potential bias resulting from an incorrect zygosity assignment, the zygosity was redassified according to two additional cutoff points bounding the upper and lower ranges of the indefinite area (-1.5 and + 1.5), and the resulting mean birthweights for each zygosity and sex category were examined. The values in Table 1 indicate that differences between mean birthweights within any zygosity and sex group (MZ and DZ in males and females) are trivial (the largest difference is 10.0 g in DZ females), suggesting that effects due to a wrongly assigned zygosity in this sample are negligible. 8 In this study, data were used for the dizygotic pairs only and included 1112 females and 1066 males from DZL pairs, plus 1087 females and 1087 males from DZU pairs. Altogether, this sample included 4352 individuals from 2176 dizygotic pairs.
Variables
Data for birthweight, gestational age and birth order were available from the Norwegian Medical Birth Registry. Gestational age was defined as the number of days from the first day of the last menstrual period to the day of birth. Birthweight data were complete for all the twins, information on gestational age was missing for 16 DZL and 30 DZU pairs: 8 male-male and 8 female-female pairs, 15 male-first and 15 female-first pairs. There were eight missing records for birth order: six in DZU and two in DZL pairs.
Statistical analysis
Tests of mean differences in birthweight between members of DZU and DZL pairs were conducted using Mests for independent samples. The pair means for birthweight were calculated for each DZL pair. These pair means were then compared to the individual birthweights from the DZU pairs by sex (Table 2) . One-sided Mests were used for comparing mean birthweights between females from DZU and DZL twin pairs, as we tested a directional hypothesis, namely we expected females from DZU pairs to have higher birthweight than females from DZL pairs. All analyses were performed using the SPSS PC Version 6.0 software. 15 Results Table 2 shows that the mean birthweight for females from DZU pairs was 37.6 g higher than that for females from DZL pairs. In contrast, the difference between the mean birthweights for males from DZU and DZL pairs was small. There was no difference between mean gestational age of females from DZU pairs (268.3 days, SEM = 0.6) and that for DZL females (268.2, SEM = 0.5). As shown in Table 2 , the mean birthweight for first-born female twins from DZU pairs was 68 g (SEM = 31) higher than that for second-born female twins from DZU pairs (P = 0.027). The mean birthweight of second-born females from DZU pairs contributed more to the average birthweight for all females from DZU pairs than that of first-born females from DZU pairs, as 56% of females in DZU pairs were second-bom. In DZL pairs, for first-born female twins the mean birthweight was 2674 g (SEM = 21.2), as compared to 2619 g (SEM = 21.6) for the second-born co-twins (mean difference = 54.5 g, P= 0.002). Table 2 Mean birthweights of females and males from dizygotic like-sexed (DZL) and unlike-sexed (DZU) pairs by birth order
Mean birthweight (g) for females
Mean birthweight (g) for males
DZU pairs
No.
DZL pairs
Mean difference P-value The number of DZL pairs, as the average of the pair mean birthweights for DZL pairs is given by sex Birth order was unknown for two DZL females c Independent-samples one sided /-test for comparison of mean birthweights between females from DZU and DZL pairs.
Independent-samples two-sided f-test for comparison of mean birthweights between males from DZU and DZL pairs
Discussion
To search for possible hormonal influences in utero between opposite-sex twins, this study was restricted to data on twins from DZL and DZU pairs. If we hypothesize that sex hormones in human twins may transfer from one fetus to another, male hormones may influence intrauterine growth in female co-twins in DZU twin pairs, and vice versa. There are a number of recent findings suggesting such a masculinizing effect on females from unlike-sexed twin pairs, 2 " 6 but, to our knowledge, there is no evidence to suggest that there might be a similar 'feminizing' effect on males from unlike-sexed pairs. It is conceivable that the ability of androgens and oestrogens to transfer between fetuses may differ or female tissues may have greater sensitivity to a higher testosterone level in utero. Thus, testosterone is hypothesized to be 'the hormone most likely to both transfer between fetuses and to affect fetal development'. 6 If the hypothesis of prenatal exposure of females from opposite-sex twin pairs to a high level of androgens was true, this would lead to an increase in mean birthweight of females from DZU pairs compared with females from DZL pairs. A trend in this direction was found here. The mean birthweight in females from DZU pairs was 38 g higher than that in females from DZL pairs. A similar tendency was found earlier by Corey et al 16 who, comparing birthweights of 94 unlike-sexed and 102 like-sexed dizygotic pairs, reported that second-born females of unlike-sexed dichorionic separate DZ twin pairs were 183 g heavier than their like-sexed counterparts. They suggested that the presence of a male cotwin 'stimulates increased growth ... in his female co-twin over that seen in like-sexed female pairs'. 16 However, our results are in disagreement with those from a recent study on a large sample of Dutch DZU and DZL twins, 17 which showed that the birthweight in DZ twins is not affected by the sex of co-twin for males or for females. Furthermore, in contrast to our results, the Dutch data revealed an insignificant trend for increased birthweights in first-born (mean difference = 10 g) and secondborn (mean difference = 41 g) females in DZL pairs compared to DZU pairs. The contradictory findings based on similar data sets (2277 Dutch DZ twin pairs and 2176 DZ twin pairs from the New Norwegian Twin Panel in the present study) neither prove nor refute the existing hormonal hypothesis of differences between female members from DZU and DZL twin pairs. 2 -516 In conclusion, we have found a tendency for female prenatal growth to be influenced by the male gender of the co-twin. Further studies are needed to clarify this association, which could include the measurement of testosterone in newborn female twins from DZL and DZU pairs, and follow-up studies of hormone-sensitive diseases and reproductive ability.
